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Abstract
Wind shear is considered by many in the aviation community to be one of the
major safety issues facing their industry. The Federal Aviation Administration
has addressed this problem through an Integrated Wind Shear Program Plan which
incorporates the expertise of industry, _.u$fiversities, and various government agencies
such as the National Aeronautics and Space Administration, the National Oceanic
and Atmospheric Administration and the Department of Defense. The plan is
aimed at reducing the hazard of low-level wind shear through improved training and
operating procedures, wind shear detection systems and flight guidance systems.
The flight simulator is a important tool used to address the airborne aspects of
the wind shear program. The fidelity of the analytical models which represent the
airplane and the atmosphere within the flight simulators is therefore of critical im-
portance. The bulk of the simulation and analytical studies conducted to date ha_'e
concentrated on determining the effect of the changing free-stream velocity vector
on the airplane performance, and on developing higher fidelity wind shear models.
Very little work has been done to determine the effect of the spatial variation of
the wind field about the airplane on the airplane's aerodynamic characteristics. It
is important that these aerodynamic effects are characterized and presented in a
form which can be incorporated into research and training simulators. The research
presented in this paper is a preliminary effort to address, this need.
The objective of this study was to investigate and characterize the aerodynamic
effect of shear flow through a series of sensitivity studies of the wind velocity gradi-
.
eats and wing plarfform geometry parar.,eters. The wind shear effect was computed
using a modified vortex-lattice computer program and characterized through the
formulation of wind shear aerodynamic coefficients. The magnitude of the aerody-
namic effect was demonstrated by computing the resultant change in the aerody-
namics of a conventional wing and tail combination on a fixed flight path through
92
a simulated microburst.
The results of this study indicate that a significant amount of the control au-
thority of the _irplane may be required to counteract the wind shear induced forces
and moments in the microburst environment. Itisimportant to note that the forces
and moments presented in this report are only due to the spatial variation of the
wind field,and axe not currently accounted for in today's research and training
simulators.
93
g4
:I
_,_ :I
__/
.'/
J
/
/
/
/
/
/
/
/
/
a)
mm
,._ "_
r-
U
L_
m
w
e m_
_E_m
m
m o
m
mmm
c_
llllI 
96
97
\!
/
1
llLI.
ll
f
• 8 8
0 ._ll
o o
_ _ I
• ..,i .w.q
U W r,Q
o 11 E 11
_ 0
I_
0 "_ _" _ "_ _J
al
r. o
z
J
ee
0
4)
f
J
III
J
L_----
98
ORIGINAL PAGE IS
O__ _OOR QUALITY
0
im
im
"0
C
0
C_
>,,
r-
=
o
rn
99
0
llm
0"
IJ.l
C
E
0
¢,..
0
s._
0
IL
r"
Q.
(/)
.i
r-
,-I
I.,=
Q.
E
x
d}
s.._
0
t-
O
e_
-J
C
Jl
E
0
® _ ._
x o
" d
0
_ 8
,-I
o r_ I
.0
• II II
I,.-
Q.
4- +
8 ¢
I _ ._
p_
u
"_ = "_
I
I I ._,
_ "_.
8 8 iI
II II ."
4-
I
8
-I-
0
0
¢,,I
r._
II
0
s...
0
q.=.
m_m
0
4-
4-
4-
I
-I-
100
,, _.... _:..-, .._:_,.: ............. . _; _._..:!:,,,",.-'=.....:
I
101
O
mm
O
l_
\
m
O
e¢
I
q
,-_1_
II
I
C
am
I
f,.
al
I_, II
ORIGINAL PAGE IS
OF_ _POOR QUALITY
102
ORIGINAL PAGE rS
Dbi'. POOR QUALIT_
?
103
1 jjl.
\\ !_ o
ID U • Q
_ U U U _,
_ D g _ o
:3 L_ L. L_
u g D m
F_ °''"
\, I
_73
OOmQ
_UUU
_OCCC
_mmm
umom
O00D
_lOmO
!
!
l"
\
'2- o 8
• •
_u 3
tt
r,.
U
8
m
o
o
o
:!.
Ig _co
? o
d) 3
o o o
o.
D
du3
? o
104
ORIGINAL PAGE IS
DE POOR QUALITY
105
E
Q.
0
m
ug
jC3 o
+
0 =
0 m
0 t-
O
m
m
U3
_1_ _ +
0II u 6
li
0
r,
f-
.m
o
m
Q
0
0
am
m
m
tl
0
106
-i
I
!
107
8
om
0
"_
0
L-
108
i_,|Oll
UUUU
ZZZZ
0 q 0 9
o
/
7_
_<i
zne33
8
i
8_
o
0
.._lu
Illl
UUUU
ZZZ_
0_00
I
8
o ? ? o ?
la
8
8_ 4
JmL
mil'l
UUUU
ZZ/_
o. _. ?
8
t
t
0
fl^m33
i 109
tD
_D
em
>
o_
om
U)
C
em
em
E
L-
0
0
m
H
Z
0
N
Z
110
ORIGINAL PAGE TS
Ol_. POOR QUALITY.
O
0 0 0 0 0 0 tO 0 0 0 0
L 0
• - 0 0 0 0 0 0 ©
O. _ .... • ' °
0 0 _ - 0 0 0 0 0
_- OC
(i t'_
• •
• "o
LO LO lO CO tO tO IO
0 o (0 (0 0 0 0 0 0
0 (Y _ _I" O0 O0 O0 O0
(I] n-
C
0
o
o)
4-
C
o
LI
0 © 0 0
0 e m o
0 0 0 --
0 In tO LO
'_ OJ
0 0 0 0
• e • e
O0 O0 O0
-- OJ 0 _ LO (0 b, O0 O) 0 --
111
.... -'_F
' I
' d/"' !
ij _ "
o
e_
d
2 "0
2
a_
d m
2 °
? -
2 °L
CJ
J ; , dO 0
I
i
I
I
II
lllIllll_lIlllIllllllll_
I
I
== C,
j
U g
U I
x _
_1
¢_1
... t t J
o o
enlO h "lue !3 ! i J ae'3
I
.TTR-fTIT_ 1 ]'T'rI I
U
..J
0
J ©
I _ m
I d
i LJ
I
o
,_Y
! i 2_f-; I
_I I
x
J
2_ @J
]g 1 d"_ om
enlO h _,ue !3 ,.j jsoO
112 ORIGINAL PAGE IS
OF_ POOR QUALITY
ORIGINAE PAGE Ig
DF POOR QUALITY,
_t
........li7'
LII_IIIIIIIII[IIIII[]I[Ill
l
l
_J
U
]
I
._J
t.J
J
J
2
u
._JI i o
0
|
"0
8
r'1
es
R')
|
£
13
£
ca
rn
(2)
|
£
"E3
r"
1:3
o
IIlIIP'_'_"I-_i{IIIIIIIIIIIIlll
[
-- o ,_-
{
I '...J
¢...I
J
¢_{
FT'}'{IIl[Il{II[I [.II.-- {.,}_{
1
..J
I
I
d
*
gnlOh "tuat= t j_o 3
C3
I
CO
O
I
rn
t'_
O
I
I.-
[]
I I
I
[_[111 111 [[I [1 [ I111 [l 11
to -q* ¢-_ _t -- o
enlah ';ue!3 ! j,j_3 3
3
I
...I
t.J
_.J
d
_J
(.J
_J
fJ
d
_J
C.J
I
it!
_D
II
E
rn
II
r-3
II
• II
I
IllllllllJllllllllllm
|
[
'= T
.,2
I
_I
U
_S
I J
I °
t{
I
I ]
I u
.,q.
II
11
,,I
I{
]I
¢L¢)
IT,
0
II
iii
(.fll
l-n
113
e_lOA _lLm !:_ ! J _ao3
0
|
0
|
m
C_
II
0
L
0
0
Eli
111111||11|111w11|111|1111|
erHoA _.m!o! j_ao 3
x
x
J
x
?
0
p
|
I--
[]
0
!
i.-
m
C_
0
II
g
_llllllll
C_ 0 C_
_nlo A :lu_ I:_{ JJ_3
Z
?
{I
8_
O
{I
m
I
I-'I
IIl_llllllllllllllllllllll
0 c_
enln A _I,,,,,lo {J./._o3
N
I.JI 31
,.7
,_i' @.
,2 |
,2
_ 0
_Y
114
....._,iNAL PAGE IS
OF POOR QUAI,EI,_,_
i ' ,
1
o
' g
.O-E. ]50O, i_. QUeLLITZ
-fi
j °En
_T m
J o
tJ |
J_
0
m
o
enlO^ _ue!:i ; ;_1
|
I,-
m
I
m
¢'3
|
i---
r7
,q.
o
I
o o
_o
an I1a^ _,,,,!: ! ;;ao3
e,,,
r.J _D
|
(-J _D
_, ,
m
,2
|
D
Q
o
l I
I
IIIllllll|llllllllllllll]lllllll;l[li ]
gnlOh "lue i_ ! J_9o 3
]
I
II
m
(_,t
(J
II
IJ'm
II
Jo
(_t
p
o
115
U)
G)
n-
or)
em
>
am
a_
U)
c-
co)
0
W
m_
E
0
E
m_
0
c-
w
m_
m
C
C
e_
t-
O
m
0
e-
t_
0
r-
e_
m_
0
0 --"
m_
w
116
ORIGINAL PAGE I$
DE POOR QU/_LITY
w,p
OR!G_FJk L PAGg l'_
D_ POOR QOALIT_
I_,0 •
J
9
7
..... !i
i
:...;
f_
)
117
®o o
_D _-_
0 _
_._ .,..4,__, _
O* _ Od U "
-,_s -,.a _.) ._ a) i.*
,I
m.4
o,.4 Q)
--* tO
i
/
\
\
118 ORIGINAL PAGE IS
OF POOR QUALITy,
it
-- -e
o
8
0
(.I
-I0
-IZ
-14
-_e CLa
, +E==I
I
I
I
i
F-
CLa r-L_ CLG CL_ CLa CL_ r_a CL%.
_ _ vw v_l vX w_ _j
Q W_ng R Wing and Stclb, I _zer
3.0
Z.S
,.0]
1.5
1.0
O.S
n.o
-O.S
-I .0
-! .S
I
L
Co%.Co_Co_CoG Coa Coa Co_ Co_ Coa
0 WinQ I=! Wing and Stobi I izer
4------
.,---
k]
"0,4
-0.11
-I._
-I.B
r
-t. 4
Cv. Cy a Cy%_ Cy%. Cv%,_ Cv%z Cy%. Cy,., Cv%z
O i4ir_ R ilfinl_ _ St_lbl i izer
.IB
14
Iz
9
"_ to
4
-z
-4
O. IO
0.06
0.00
-o.,,,!
-0. I0
U
-O.tS
LJ
"0._
O.m
0.16
__ o.12
>o
D.II
l.l
0.O4
0.01
"41.04
L...+ "
, , • ---
CLu. CL_a CLux CL,_ CL_ {::L_ CL n CL,._ CL.z
rl Wing R Wing end Stobi I izer
"' L.
Co_., Cou_ CD_z CO_,. Co_a CO,,z Co._ Co.a Co.,z
0 Wing R Wing ond SLobi I izer
_"1"1, _ _ ,I
Cy.. Cyul _ Cy.z C_v. Cy_ Cyvz Cy.= {:Y-u CY.'z
riving FI vi_g and St_bl lizer
119
1Zr
o
ir
4
°! _I
g
Zl --
hZ
1.0
0.1
0.8
i 0.4
O,Z
O.O
-0.2
0 wirg R Wing ond StObilizor
C_%,,c,,%_C.,%.C_=..c,,= _ C,o c,,° C_%.
0 Wing 8 w,_ _ Stob_I iz_r
O,O 1
O.5J
0.0
-0.!
-5
_ -10
o
o -ZlD,
8 "
u
.'in
--i
-4O
O.OIO
-O.CO_
C4E_, C(,._ CL,., = C.e w C,Z.,,_ C,tvz C.L.,,, Ct.,_ C_.,,_x
f'l Virlg FI b'irQ _ Stc_bl I izer
E_
C,_, Cmuw Cm_ Cm,_ Cm_ Ca_ Cm_, Ca_w Cm_
0 Winlg 8 Vir_ Grid Stcbl I izer
r_: i_l
I
i
[]
On., Cnu_ Cn,_ Cn,_ Cn,.,_Cn,,.Cn,. Cn._ C,_,,="
0 WJnO 8 wing one St.oOl lizer
120
ORIGINAL PAGE I8
OF POOR QUALITY
ic/)
m
(/)
mD
>
im
Im
N
mm
B
oD
C
121
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
•
/
/ •
/'
/
\
\
\
\,
I
I
I
I
I
I
• I
\ I
• I
\ i
• I
\ i
I
I
122
ORIGINAL PAGE IS
OF.. POOR QUALITY
<......................... ,,_ttt
........................ .,,+ttt
........................ .,,Pitt
. ........................ ,,lift
0 ,4- CO (M (/_
¢0 ¢_1 (.0 ---+ LD
(M (/_ 0") 0")
¢0 ¢X.I ---+ .---+
o
"tJ '_Pnil;IY
llm
:3
m
"o
rr'
123
li I -
/
F
oes/L "sJoeqs ^
8
_eS/l "sJoE_.lsn
.4_
m
0
124
ORIGINAL PAGE Ig
OF POOR QUALITY
!J
f_
s_ou_ "paedsJ!O enj_
,..a
o
_L_ _
_. --__
_'__
_ -{1 °
" _
' T
6ep "al_
125
__:.- {]
oo ul 8c_,_.p
t,
,i
8
m
m
0
t
J
)
J
j_
_8:.
_°
- f
m
ul _ k3 ul
126
.,.IG_NAL PAGE IS
OF POOR QUALITE.
/f--
2--
u_ul
ORTCT'_'T'\L PAGE Ig
.OF /_05JR QUALITY.
v..
\
7
f
_3ul
8 ; 8
Uou I e_uoNo
127
, i ¸ _i-_I
8
_-.-.;.
;::
iI
• °
Q3 u! _o
. p
J
-....
8
8 2
i
8
-7
J
\
)
o o ?
0 0
l.i__
8
_ .-.-,:
"'" S
_'_. °
..... "Llr
___m -_
_--__
J
°
o o ?
x0 u+
jw
o
§ s
5
128
:,.,.;_AL PAGE IS
..T ? 3 OR QUALITY
i t f
I i
0 0
- _i_ -
_ ._...---
I
W3u!
8
?
\
f
0 0
8
_ ,,,,m
°
= o 6 6 _ 6 6 6 o
_3 u! erauaqo
_L_ -_
_ __
2
0°o-
o.'_
°.=.- ::.- ....
_.-_ __ _ _ _ _I_
Uou ! a6uo_o
129
o
co
O) O) (¢3
"13 "13
oo 8
, LO
li Oo
8 .
OJ
-, o°
-_----_--_ _ _ ,..
..... I- ...... -]_
t
r'-
o
o
o i.o o LO Ot..O
oo
6_, ! _Joq_,no IoJ _uo3 q3"_ !d
J o_,OAa Ia j o _,uaoJ ad
130
_" o,J
O3 O3
Q) O)
"13 "13
0 C3
0
0
1-
0
0
co
0
0
L_
0
0
Jo
0
qo
0
O4
o _ _ "_
6_, ! J oq_ no I o.J_,uoo I I od
O)
"13
oo -_
o -_
0
o
0
0
0o
I O_Oq. j.o _ueoJed
oo
0
0
181
132
JU)
L_
E
rc
(3)
c-
om
m
0
c-
O
0
U)
t-
O
im
=#==p
_J
>,
_3
U3
133
134
oE _
o 0
_ o _
n-'
.._ '10
o _,o
_o° o=
°_-o¢- o ®
_ °_ .._ _.=
EE ,_ '--
o° _o_ o_-_
(:D < 00
135
QUESTIONS AND ANSWERS
RICK PAGE (FAA Technical Center) - Do you intend to do any
research work into asymmetrical microbursts and also multiple
glidepaths?
DAN VICROY (NASA LaRC) - We used a symmetrical microburst in
this case but flew off to the side of it about 1500 ft. so that
we would get asymmetrical effects. The shears are transformed
into the body axes yielding asymmetrical shear gradients as we
penetrated the microburst. So, we essentially did take into
account that effect. Certainly this is just one example. I plan
to look at more complex aerodynamic codes to compute the shear
coefficients of complete airplane configurations. Another study
that could be done is to do more of a statistical analysis of
what kind of changes you are going to see with a variety of
different kinds of microbursts. I don't plan to do that myself,
but that work certainly could be done.
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